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Debate

• Utah Governor closed public lands to shooting

– Public safety & fire protection vs. RTKBA

• Arguments:

– Most people say “can’t start fire from shooting”

– Fire investigators say “yes you can, we see it all 
the time”

• No data or study

Can Rifle Bullets Cause Ignitions?

• Inert materials (not tracers)
– Lead, copper, steel

• In theory it’s possible – kinetic energy 
converted to thermal energy on impact

• Many studies of ballistic impacts – none 
concerned with post-impact projectile 
temperature

• Objectives: test ignitions & bullets, estimate 
bullet temperatures, describe processes
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Main Experimental Factors

• External Ballistics

– Kinetic Energy 

– Velocity, Rifle bullets -2300-3200 f s-1  (pistol =1/3 to 
1/2)

• Terminal ballistics: Impact angle, resistant target

– Oblique, bigger fragments, directed down

• Organic material, 

– fine particles, very dry peat moss

• Bullet materials/construction

Response Diagram for 
ballistic
Impacts on aluminum 
plate

Johnson, W., A.K. Sengupta and S.K. 
Ghosh.  1982.  High velocity oblique 
impact and ricochet mainly of long rod 
projectiles: an overview.  Intl. J. Mech. 
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Bullet Types

• Lead Core, Copper Jacket (most common)

7.62x51 Winchester JSP 7.62x51 Nosler Partition

Bullet Types

• Steel Core, Steel Jacket, Copper Jacket

7.62x54R 180gr Czech 5.56x45, 62gr, steel penetrator

Bullet Types

• Lead Core, Steel Jacket,  Solid Copper

7.62x39 123gr, Silver Bear 5.56x45, 55gr, Barnes TSX
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Preliminary Tests Outside
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Chronograph – for bullet speed Shooting through 
suppressor box
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Shooting through 
suppressor box

Low impact angle (20 degrees)

High impact angle (60 degrees)
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Impacts at low angles 
produce little damage

Steel Core, High Impact Angle
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Smoldering ignitions

Smoldering ignitions
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Impact Angle (degrees)

Lead Core, Steel Jacket

Steel Core, Copper Jacket

Lead Core, Copper Jacket

Solid Copper

Steel Core, Steel Jacket

Ignition Results
IGNITION PROBABILITY  =  1/(1+exp( -(2.57971 

- 3.90678 CORE-STEEL  

- 2.35951 CORE-LEAD  

- 1.66653 JACKET-STEEL  

- 0.03522 ANGLE)))

7.62x39, 123gr, Lead Core Steel Jacket

7.62x51, 150gr, Lead Core, Copper Jacket FMJ

7.62x54R, 149gr, Steel Core, Steel Jacket

7.62x51 150gr Solid Copper

Fragmentation, Water Collection

Other Ignition Results

• Granite Target:  Ignitions from copper solids

– Target broke with steel core, 7.62x54R

– Inconclusive because of target breakage

• Excelsior:  Ignitions from copper solids

– No tests with other bullets, just wanted to see if it 
was possible (yes, it is) – smoldering ignition too

Fragment Temperatures

• Thermal camera

• Direct measurement – temperature sensitive 
paints
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7.62x39 123gr, Steel Jacket, Lead Core, Silver Bear
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Summary: Findings

• Yes, bullet impacts can cause ignitions
– Most likely: steel components, solid copper

• Fragment temperatures reached at least 800C

• Bullet fragments: small, but larger for steel and 
copper solids

• Dry duff or organic material

• Smoldering ignitions – may take a while to be 
detected

• Cool quickly, short distance from impact site

Physical Explanation

1. Impact against resistant target

– Nearly instantaneous change in speed of bullet

– Rapid deformation & fracturing (high strain rates)
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Physical Explanation

1. Impact against resistant target

– Nearly instantaneous change in speed of bullet

– Rapid deformation & fracturing (high strain rates)

2. Bullet material

– Toughness  - resistance to plastic strain

– At high strain rates, >90% of energy in plastic 
strain goes to heat

Physical Explanation

1. Impact against resistant target
– Nearly instantaneous change in speed of bullet

– Rapid deformation & fracturing (high strain rates)

2. Bullet material
– Toughness  - resistance to plastic strain

– At high strain rates, >90% of energy in plastic 
strain goes to heat

3. Rapid contact with dry ignitable material
– Small fragments cool very quickly

Future Possibilities

• More granite-target tests (laboratory)

• Other organic material (excelsior, grass etc.)

• Moisture content effects

• Pistol bullets (lead/copper & solid copper)

• Field experiments – can it be done out of the 
laboratory?
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Preliminary Tests of Ignition from 
Exploding Targets

Mark Finney (USFS, Missoula FSL)
Ian Grob (USFS, MTDC)

Trevor Maynard (BATFE)
Chris Froula (BATFE)

Exploding Targets &Wildfires

• Exploding Targets banned from Nat. Forests, R1, 
R2, R4, R5, R6

• Question: how do 

exploding targets 

cause fires?

• Manufacturers claim

its not possible

Procedures

• Exploding Targets: Ammonium Nitrate (AN) 
and Aluminum powder (AL) 

• Mix

Procedures

• AN/AL mixture

• Place near ignitable 

material
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Procedures

• High speed cameras

Results

Results Extra Aluminum
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Conclusions

• 3/10 tests caused ignition

• Suspected causes – burning aluminum metal

– Rapid flaming ignition

– AL burns at ~3000-3500 C (5400-6300 F)

– Poor mixing (concentrations of AL remain)

– Incomplete detonation (bullet placement etc.)

• Fuel type does not appear as important

New tests conducted Nov. 2015

• No ignitions, too cool and wet

• Visible burning aluminum in all tests – more 
when poorly mixed.

• More testing summer 2016, dry conditions
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Conclusions

• Mixing seems to matter in terms of blast 
overpressure, “brightness” of explosion

• Not enough data to reveal effect (or not) of 
bullet placement

• Burning aluminum still seems to be the key to 
wildfire ignition (not fireball)

Preliminary Tests of Ignition from 
Exploding Targets

Mark Finney (USFS, Missoula FSL)
Ian Grob (USFS, MTDC)

Trevor Maynard (BATFE)
Chris Froula (BATFE)


